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(57) Abstract 

A system whereby virions can be efficiently reconstituted from Sendai virus cDNA, thus enabling gene manipulations in Sendai 
virus. The system makes it possible to produce a recombinant Sendai virus suffering from the deletion or inactivation of one or more 
functional protein genes and thus having cellular infectivity but no transmissibility. Thus a highly safe DDS with the use of the membrane 
fusibility of Sendai virus can be provided. 
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mmm 

$mz.fo± yyj+n fr* *mm utii^ u # v-a 

v'^f'J^'J-^rA (Drug Delivery System ; l^T-SM-DDS^g^ ) ttfig 
&Si^5T**5o DDStt 2 oco^iSt^t 5 i * 5o 

o CCD^^tt^^ >J7- £: LT&0!lx.fcJu gfifl (Human Gene Therapy,5 
, 429,1994) N -^y^- K (Proceedings of National Academy of Sciences of U 
nited States of America, 90,893, 1993) N ^^Ff (The Journal of Biological 
Chemistry, 269,12918,1994) V V — A (Proceedings of National Ac 

ademy of Sciences of United States of America, 92, 1744, 1995) ^£$17^3 
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bfc^ U— i/T.^A (Proceedings of National Academy of Science 
s of United States of America,89, 7934, 1992) , g^ffiilC^Ilf:^^ 
miKm&mm^tz? W)— isX^A (Biochim Biophys Acta, 1152,231-242,19 
93) % MMIi:$St57^7Diiai/-b7^-^Jffilt7 : 'JnU-y 
Xy^A (The Journal of Biological Chemistry, 266, 14338,1991) x -k>V^^ 
J)lX(Dmm&&*mmVtz7 : V^V—*>X : r2> (Exp. Cell Res., 159, 399,198 

5) tgwm-fbtiZo 

^©{gV^SrS^!a©^^*5V^T. K^tf»tt#5*;*ftT^S ( trends 
and Future Perspectives in Peptide and Protein Drug Deliveryj Lee, V.H. 
L. et al. eds. Harwood Academic Publishers, Switzerland, 337,1995) 0 bfr 

tzbcDTfr*), *©5fc£t£tti&"Tbfc^i:ttm*&^o 

<D tz #> £ t> << J\sX t b T ©rSt£ b & v ^ -b > y-r £ -Y ;i/ * £ mm $) & 
1/ MIT* & o o 

*i/7rAOMi:Utffll^n5t>^'!7'f;i/7 (Sendai virus) fcfc N H 
V J(Hemagglutinating virus of Japan ) £ fcoptttu X Z V ;i/**4 (P 
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aramyxoviridae) „ & V fyj )IXM (Paramyxovirus) izMT&s*'? 4 > 

i!gl50~200nm<D:n>^D-:7*£WU 4U3fSlR<Dig§^&& e>^V^>^y ARNA 
(WT> r (-) ^RNAj h^fS) -te>*WW;i^y:, S^^fc 

iET&gii±w/§fc^;i'*£bT&£nT:fc'K i: < (3«©^\^d*u^-> 
-) mRNA^^;b^cD, (-) i xmrnk^'i )vx7)i,-7{ l zm?z>o rna«w ;i/ 

dsRNA£-f;u* (double stranded RNA virus), ( + ) URNA-W ;i/^*5«t 

ij?^;!/^. D^->-r;i/^ s M^^-Oi/^^&'K ^i5M©1g^^dsRN 
A^yAStitv>5o (+) m$ J ^u^-^-r;i/^, ^>>Kt^e7 

-r;i/^> -bA JF-^^^^;i/^ N BMi&^-oi/ »k l*© (+) urn 

A£>tV A£ bT^bT:fe9> £<E>RNA^ ^ A fctlliJBtlCinRNAi: bT U ItM 

Z>o m^&*iifc£x ( + ) ||RNA^'f;i/^^-rS^y ARNAg^^JS^^^-T 

^-r*S^<££Bs£U &l<DMmz&.*£fcm?ZZ\£<DT"&2>1fe±ij *Moo 
(+) ||RNAr>^;i/^cz^^n?)^> h* e*£>r (-) &RNA£>f;i/*fc 

n57ryl#^^;V7 (Adeno-associated virus) fcj\ ^MliftS^ "IS 
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•w;i/*rna& (+) (-) mt i hiz.temtj*Gvte^o 

. M?L&. SV40 (J. Exp. Cell Res. ,43,415-425,1983) #jtS£Ufc^ 
y A DNA^e CO & CO £ VJl (DWM £ m A -T £ d £ £ <fc D ft & ^ - # qjtg T - & § 0 
RNA^yy AM^^-rSRNA»i7-f;i/^©fl^i±. ( + ) ^RNA^ ■< JVXiZ^xm 
^^trbfco >i7VARNAfr\ l5jBSCmRNA£UT^fET3fr£>T-&S 

Jc:19594£J;:$B££ftT^£ (Journal of Experimental Medicine, 110,65-89, 195 
9) o £fc, -bA'J«^;w (Semliki forest virus; SFV) 

(3 &^Xt7J)lX<DnMl&&^m7:$>Z>Z.£&m££tlT^2> (Journal of Vir 
ology,65, 4107-4113, 1991) 0 

e>nTVN-g) [Bio/Technology, 11,916-920,1993. Nucleic Acids Research, 23, 1 
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495-1501,1995, Human Gene Therapy,6, 1161-1167,1995. Methods in Cell Biol 
ogy,43, 43-53, 1994, Methods in Cell Biology, 43, 55-78, 1994] 0 

Tfflmis^ ZMffi&&mmvx^2>lzkfrti>t>e>1r, (-) ffiMktJ )ixx$> 

>> 4 jix n^mmm&t? & t> mx mm tz ■? tz a t iz&m ? z „ 

m^tz^oiz (-) jKRNA^-f ;i/^©RNA(vENA; viral RNA)££(«<D;tE*i 
IIRNA(cRNA; complementary RNA)£##!T-iTOrt{Ca»A LT & (-) ilRNA'W ;i> 

Mz&mznte^zt&BAt, frizz nx^Zo zwatte, (+) mmk^p^ov 
xcDm&t&femzMo&x'&Zo ^^4-2ii377^fgic(i. rnmw 

Kt> )\s7. (DV J A Kl^TOf 3 cDNA* £ JS3fet£©£0RNA£ -f ©Mat^j 
fcol^TSBtttfifcSa*. SE^ffiOHK^^O^SIBtt^nTV^S r EMB0. J. , 
9,379-384, 1990j fct. ISifc(Z>liSitt#fcl,^ fc#m§£frfc& D> *#*-T3&»&» 
Xl^&S^SfcJKlfcDTtfT^S (EMB0.J.,10,3558,1991#M) dfc^LT. 

&m¥-4-2m77^&miztm<D&m&&m8(Dftft&mzmm \,te^<Dmn*>fr 
(-) mMAt7jjix<Dnmf&&iz-D^x, j >yji^>v^^ jvxizmisx 

(Annu.Rev. Microbiol. ,47, 765-790,1993. Curr. Opin. Genet. 
DEV., 2, 77-81, 1992) « 4 >7;ix.>y t? 4 ;i/*fcJu 8 %%>f J A«t 0 ^fife^n 

s (-) giRNA'W;i/;*-e&£o ^ti^ci^ctii^ &£>frb#>^cD^ *,cd 

lo©cDNAfz^;£t£^£-?£#AU £^tf 8 ^f^TCDcDNA 

^6^¥^n^RNA^$>e>^D^-i7^;i/^fi^©NPSaK^#^^-y-TRNPi:bfe 
o dft^GDRNPi:. RNA^#t4RNA^U^^--tf ^ci^i- j;^ 

4 jvxmizm?z&jtm^jj\'XXcmAfrb<Dtj)vxnmmz^^x<D&g& 

$>2> (J. Virol., 68, 713-719,1994) 0 
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tot, (-) BUNA*-* »X<DUmmm&mit£*&JlZ&£:to<Db<D£te^ 
^F{c«tz#t^bT43t), Il^nfeRfSO^-f ;i/*£:^ft?>GD*m&'W ;i/ 

o 

-t>v-r tt-f )ixm&(D^m<b$ntz wktpmm&& u * v — a i*i iz m & 

(3 ££T- & 5 CI t±M % frT & s o 
#$£f!8fciu «fc DJItti&fcfciu e*f±£;&b&i>-fe>^-i' >W ^^iS^-fac: 
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■W^^DD!^ (defective interfering particle/EMBO. J. , 10,3079-3085, 1991 

m^nta^tco *(omm, mffiftizmxTz, cdna. mmmm^-r^mkm, 

* «fc OT7RN A** 'jy7-^Sa-ni!*5 Z-tt-V if ?-=-7t> <i JVXCDM 
Jt(!OV>T> &*©&t>lfe#£JlV'>fcHbfco $^iff>(±IC, -b>^^^;i/ 
^^rftcocDNA^ ( + ) mt (-) m©n«i:fcI£tf#U «I*IT- ( + ) imfcfcfc 
(-) «©-b>^ ^;i^RNA#£^J&£ft£«fc-5fc7*7;* ~ h-£1t^U 
¥^tcl8-TScDNAS¥^^bTV>SifflflSF*g{w^Abfeo >^>f 

mm&&&&*)bmft<Dte5&mmT'&*). (-) mnA^mmm^^ 
n (+) mMA^j^^T'te^^nsa^^^TB^^^v^cii: 

l:#AU l0^^aM^S¥©cDNA&T7rD^-^-^iETT-^¥^-&^^ 

ffl-tf-f (3#!g|;Lte-fe > *W £ ^ ;i x £f£/±i-f £ 3 £ 7>*qJH£T-& £ d i: £^ bT V> 
So &:fc\ *OT^1SM^S¥^-r-<T^-r?>«ii> rj. Virology, 68,841 
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3-8417,1994j CgB«;* tlX 3$ D * m2M& \sX al 

mr~$>z 0 Si*iKf3t8©aBiiatt, ■fe^'f ^-ok**^©-^. np, p/ 

C, L CD3^^^#:±{CWbTV^293$fflflaS*©$iiaT-$)0s d NP 
, P/C, L ©3#©§£ff£#831bTV>£o 

*K ii£y:^S©^;i/;*3ifc^£^<b£^fc^ ^tSihli, 
©dhT'&So ^Jx^ -fe>^ ^-oi/^aatttste^©^^ fc*)-as^^«j 

£ -B- 5 DNA 1/ T- ©5Sfe^tSft *^as{3«£oTmv ®E*E&* DNAfr 5» £ 

Vo&mx bfc u ^v-Ah^i^btn^nsii^ti 'J * v-a, 
t&ftnt-tz (i) £gett©j8t»-&£y*v-^ 

1) (2) ©V^"i a iXip{Cf3K©JKM'at4 x ) ^ V — A N 

(4) (a) (i) - (3) cD^?nfrizim<Dmm&&v#v-&iz^£ti2>m 
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n^ibo56©> (b) (i) ~ o) (D^tntnzmm(Dmm&&v#v- 

AlZ<££tl2>mz_fa±>y'( t><< )lXiz<g£tiZlM& b < &l£RNA©cRNA£^ 

(5) fS^fiffcf »tl©^i;fc&»j^©$|3T*&££ 
t&&m£TZ (4) {cf3tS©^^h, 

(6) fii^nifL^T-^Sciii^^^-r?) (5) (ciaa©^ K 

(7) m<m&mmT-$>2>z£*ttmtT2> (5) £§s«©afyK 

(9) -fe>^ ^;i/*<DMitfc^ F^£^g;fc«Mfc^© 
lU±<Dm&^&K&£fcte^mib^T^ZZ£*'8m.£T2> (8) (clBfgcD^l 

(10) ^tSjt^^WfS-ii^^t^-S (8) (9) ©^fn 

#J;tfcfZ|fc (Sendai virus Z strain) fi3fe£>&<7X 7i/^tt (Sendai 
virus Fushimi strain) m3&<D4><Dm&m? ZtiZ* DD&^GD^^ 

rtt: h7>^ttt<&$ixfcaKH-?T?»5NP, P/C :fe£tjq.SSRfc£DBitt;*ft 
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hemagglutinin) r§t4h ^ -f ^ 5. — V— -fe* (neuraminidase) ?St££cD Pi 

^(Dmmz^ k> oiffette^tztzt?), zLft&mmxsXiKmm^m^&btz'tyy-i 
m^x&m>mm^i&<Dm£-otzf&m&ftVtfv— A^tsc t% 

(D-c&zfitm&is^o &±m.mttm\s-tevn\-£, m%mmm.nxmk&mm-? 
z>z\bi?tz<s ^m^m&n<D^mt^mz\^z.t^i^^(Dm^$)^^^x 

(Drug Delivery System, 10, 91-97, 1995) , ^n-T (The Journal of Biologica 
1 Chemistry, 267, 12403-12406, 1994) „ U ^if -f A (The Drug Delivery System 
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,10,91-97,1995) % HSIIDNA («X^, 13#. No. 4, 277-285, 1994) . 7*v 

KDNA (Methods Enzymo logy, 221, 317-327, 1993) > RNA^*— . ££TJ\ Z. 
fihh^r^ U7- (Proceedings of National Academy of Sciences of United 
States of America, 89, 7934-7938, 1992) 16 (Journal of Biological 

Chemistry, 266 (6), 3361-3364, 1991) tOfe&fc, £ tnMftL i/C^f ;i/ 

^?fiJ. h*is> (¥7^ U T h#v>;Biochim Biophys Acta, 1192, 253-262,199 
4/U ^>>;Biochim Biophys Acta, 1070, 246-252, 1991) x ( Immunology, 81, 

280-284,1994) fcifa^tf^nSo 

El 1 t±pUC18/T7( + )HVJRz.DNACD«fiJcS^-ria : Tf*So 
El 2 H:pUC18/T7(-)HVJRz.DNA©«fiR*^riat?*So 

[USS^J 1 ] -b>*V fr^ni/^te^L-y hpUC18/T7(-)HVJRz.DNAipJ:t>'pU 
C18/T7( + )HVJRz.DNACDfEM 

T7 (-)^RNA*s^^tis<t^t3igtt^nfc-fe>^>r ^>r;b^c 

DNA, U^if-T Ajte^&dCD^tC^-TSDNA*. pUC187*^^^ FC}IAlfe7 
HpUC18/T7(-)HVJRz.DNA£fiUKbfco ^fex T7 7d^-^- ( + )ilRNA# 

^¥^n-2>«ta(cistf^n^-fe>^ ^-oi^cdna, u #if>f Aate^scojg 

3DNA£, pUC18r^^5. FC#Abf:77X^ KpUC18/T7(+)HVJRz.DNA 
£flMKbfco pUC18/T7(-)HVJRz.DNA*5^t>*pUC18/T7( + )HVJRz.DNA<D^^IH i *> 

[HS£0!l 2 ] cDNAfr ^,g)-b>^'7^ gjj^gjt 
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mmcm<D7^X3 L y?^ J r — \s£.Mft<D h U >^JI£J£bfcLLC-MK2£B 
flg£2,0OO,0O0M2:MEM*g*fe<MEM +FBS 10%) ZmlfcSSBflDU C0 2 5%, 37°C(D^ 
TT-24I^PJ^Itbfco *S§tM£Sfc9l&#> lml0PBS£ffll>T&#b;fe^ ^fifgS 
(moi/multiplicity of infection) #2 cfc?l3sHMbfc> T7^ U ^ 

^ —if W3--l>t>4 JIX vTF7-3£0. lmlCDPBSizM bfc * © 

mP^^^^fTofeo I W;i/*^££l&3;U lml©PBS£ffl^T&#bfco c: 
©->t-UC, cDNA^M£^tf^£?»b*:o cDNA^M^^tftgife©^M(i. 

. pGEM-L, pGEM-P/C, pGEM-NP ^1.5mlO-t)->r'J >^i — ^{C i: D 

, HBS(Hepes buffered saline; 20mM Hepes pH7.4, 150mM NaCl )£flnx.T^S£ 
O.lmlCb^o (-)££fcfc( + )cDNAf;£. r^** KpUC18/T7(-)HVJRz.DNAg; 

fcttpUC18/T7(OHVJRz.DNA^<D&c££^U /C&StttcDi; /LfctflMMtMluI 

#VX^U>^3- — 7<Dtp-C HBS 0.07ml, D0TAP(^— U ^ *>J\ 

Att®Do.o3ni&ii-&u iii^iu0^'j^fu>fa- r^bfco 

1»T% 10^»lUfco CinC. (2ml MEM +FBS 10%) ^iJOlit. 

^e>lZC©ft 1 C t 7^^^T'i7'r;i/^©PlWJ-e$)S U 77>ti/> (Rifampicin 
) \-i/>7^\ZS h*C (Cytosin arabinoside C/Ara C) ScglHiftJ&i&s-fc 
n^tiO.lmg/ml, 0.04mg/nli:35:S«taK:aiJPbfco ZtllZ&t). cDNA$g*ft£^*r 

Huf3©^^-U^40^P^C0 2 5%, 37°C®^TT'igilL£o ^-*>J*v> 
SfflV^T^-f — bl*J©,1tt£fri55l!^ 31 K;i/^5=-i — ^(Z^b6000rpm, 

5^H©^Sili^ffoT^(iB^fla^3e^tsttieu^ nftimi©PBS(3SR«bfeo ^« 
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a&mmm&m iafc^LfcTO&fc&£<fc5fcPBST-#fRu o.5mi mmistzw 

*35°C72I^KJSil^4 0 Ct^bT-lifta^fco £©W©»IR$ft£ b 
[5]l&b£: , W;i';*?&cDHAU (hemagglutinin unit)h> PFU(plaque forming uni 
HAU©«y^ttWTCDJ:-5K:fT«iiofco g§©M&. 400x gT'Ktfxf^h U ±M 

&mxtzo ssffi^, tfcja©ioo^*oPBs-c!B»bs d*i£<*e>fc:4oox g,io# 

Sibfco ^>f;i/^^*S|Jg#3RStC«t t)2^-rot:*3RU ^c730.05mliTo£. 
96^©*^* — 71/- hCMbfco Hi. ^e>^0.05ml-f 

PFU©S9^l±WT©«t-5K:fT35;ofco CV-1«B]|S£ % 65t©*;i/^ t-7l/- h ± 

hf*l^;WC#&U 37°C. mHB«lft$*fc 0 J8&*£lfilfcCD^i;ft"t^&^2 
xMEMh2%^£55°CT-?l-t?l§rfc>i*\ £ £ fcSSUIiftg0.0075mg/Bl & S J: -5 £ b 

fkfal-r-D&^tllrtMDiJJ]/?-* — 7l<— hft'ttx-MZljnz., 5 %C0 2 ^TFT-37 
"C3BIH#iabfco 0.2ml©0.1%7^y— y b*£fln^ 37°C 3B#P^{£*g bfc^ 

i: bTfFfffibfeo 

mtcfciu LLC-MK2«Cc:#Abfc£§M£&3-fe>*V "W^cDNAs RNAMM 
Kifcg&B^OcDNAT&SpGEM-U pGEM-P/Ci3«fctJ c pGEM-NPO* N >dri^—> 
3>B$P^ »SPK:gEMbfcjffflJ!a». HAU, PFU Sfn^l/fc. 
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